Parasites and hosts are intimately associated such that changes in the diversity of one 26 partner are thought to lead to changes in the other. We investigated this linked 27 diversity hypothesis in a specialized ant-Ophiocordyceps system in three forests 28 across 750 km in Central Amazonia. All species belonging to the fungal genus 29
Introduction 42
Species diversity varies considerably between habitats and regions [1] , and the 43 factors driving such heterogeneity typically depend on the scale of the analysis [2] . At 44 the local level, interactions among species are known to play an important role in 45 structuring communities [3] . This is especially the case when the interacting species 46 occupy different trophic levels, which leads to a stronger link between the diversity of 47 consumers and the diversity of resources [4] [5] [6] . Parasite-host interactions are 48 examples of such trophic effects. Parasites tend to be host specific with hosts serving 49 as both the habitat and the dispersal agents for parasites [7] . This implies that changes 50 in host abundance often lead to changes in parasite abundance. Such specificity is 51 considered to lead to arms races that promote overall diversity at the community level 52 [8] . 53
Within the framework of linked diversity in host-parasite systems, the sub-set 54 of parasites that manipulate behavior has not been considered. The effect of parasites 55 on their hosts is not only to reduce host fitness but in some cases also involves a 56 manipulation of host behavior that directly increases parasite fitness [9] . In these 57 cases, other constraints acting on the parasite related to its need to control behavior as 58 a life-history strategy may affect the coupling of diversity across scales. The 59 interaction between ants and the ascomycete fungus Recent evidence has shown that this host-parasite relationship is highly specific with 73 each host species examined having its own specific parasite species [13] . 74
To explore the linked diversity hypothesis between parasite and host we 75 worked with a large dataset of more than 70,000 samples representing 340 ant species 76 with knoweldge on parasite diversity built up from 2,700 samples collected from three 77
Amazonian sites across a 750km transect ( Fig. 1A) . We specifically compare the 78 composition of infected and non-infected ant species among sites and how the 79 complex behavioral manipulation by the fungus Ophiocordyceps can affect the 80 parasite assemblage structure. 81 82
Materials and Methods 83
We sampled ants and their fungal parasites in three Amazonian forests. Two the three sites to describe the ant assemblage composition (see [14] for additional 105 details). 106
The data were organized in three matrices: 1) all ant species collected at the 107 three sites, 2) all species from the genera known to be suitable hosts (i.e. Camponotus, 108
Cephalotes, Daceton, Dolichoderus, Ectatomma, Pachycondyla and Paraponera 109 genera) and 3) only the species we discovered to be infected. This last category was 110 created because not all species in a genus are infected. To provide further 111 understanding of the role of complex behavioral manipulation on ant community-112 level patterns, we also constructed matrices of ant species according to the type of 113 manipulation ( Fig 1B) . We reduced the dimensionality of all matrices using Principal 114
Coordinate Analysis (PCoA) based on the Sørensen dissimilarity index. 115
Presence/absence data were used to avoid overestimation of species with larger nests. 116 6
We compared assemblage composition between the three areas using non-parametric 117 multivariate analysis of variance [16] . The statistical significance of each analysis was 118 based on 9,999 Monte Carlo permutations. 119 120 121
Results 122
We found that the ant assemblage composition was markedly different 123 between areas (npMANOVA, p < 0.001; Fig 1F) . We recorded 343 species from 58 124 different genera in 11 sub-families. We found very little overlap of species between 125 areas; only 72 out of 343 ant species (~20%) were sampled in each of the three sites. 126
Although we recorded 58 genera of ants only 7 genera contain species that are 127 infected by Ophiocordyceps (these are Camponotus, Cephalotes, Daceton, 128 Dolichoderus, Ectatomma, Pachycondyla and Paraponera). The assemblage 129 composition of 68 species of ants belonging to these 7 genera also were different 130 between areas (npMANOVA, p < 0.001, Fig S1) . However, the assemblage of 131 infected ants did not mirror the community structure; either of all ants from all genera 132 or all ants from the genera that we identified as containing infected species. The 133 assemblage composition of species of ants that are infected by Ophiocordyceps was 134 not different between sites (npMANOVA, p = 0.109; Fig 1G) . Put another way, 135 despite the fact that ~20% of the ant species were shared among the three locations 136 the infected ant species were similar between these three very geographically and 137 ecologically different sites. We had expected that different areas would have different 138 Camponotus species asssemblage (Fig 2) . Other groups of Ophiocordyceps that infect 164 ant species with large colonies, such as the ant genera Cephalotes and Dolichoderus 165 (both included in this study) also create graveyards, but in smaller areas (personal 166 8 observations). In the latter case, the dead ants died attached in one tree trunk [17] , and 167 sites without any infected ants were more common (Fig 2) . 168
Biting behavior requires a control of the mandibular muscles that involves a 169 reduction in muscle organelle abundance [12] . It also requires a distinct shift in 170 behavior in the seconds before biting as infected ants shift from a wandering behavior 171 to rasping of either the major veins or leaf edges. Other complexes of Ophiocordyceps 172 cause ants to die on leaves (O. lloydii, 17) but the do not cause ants to bite into the 173 plant tissue. We suggest that the nature of complex manipulation and the necessary 174 additional control of the host's phenotype that is entailed limit the potential host range 175 of fungi investing in manipulation. Transmission requires this complex control of 176 behavior, which in turn requires multiple effects at the physiological and neuronal 177 level. The consequence for community structure is that even across large geographical 178 areas, complex behavioral manipulation results in a mismatch between host and 179 parasite diversity patterns. However, despite this apparent constraint the evolution of 180 behavioral manipulation seems to be a successful strategy and ant hosts of O. australis and kniphofioides complex were found, respectivetly. In the later case, the 264 infected ants were found on litter and buried in tree trunks. 265
